The aim of this analysis was to examine the Eirect of environmental tobacco smoke exposure on the risk of small-for-gestational-age (SGA) birth. The study population included 2,283 nonsmokers from a nested cohort study undertaken in southern Connecticut from 1988 to 1992. The duration and intensity of exposures incurred at multiple locations during the third trimester of pregnancy were measured by postpartum interview. The effect of exposure on birth weight and on incidence of SGA birth was assessed by multivariate logistic and linear regression. An estimated 26.5% of the women had been exposed to environmental tobacco smoke for at least 1 hour per week during the third trimester. The median duration of exposure among the exposed over all locations was 5 hours per week. The adjusted odds ratio for SGA birth in exposed mothers compared with unexposed mothers, using a dichotomous exposure variable, was 0.82 (95% confidence interval: 0.51, 1.33). The adjusted birth weight difference associated with exposure was -1.2 g (95% confidence interval: -43.3, 41.0). No effect of environmental tobacco smoke exposure on fetal growth was seen in this relatively homogeneous upper middle class group of women exposed at low levels. This is reassuring for women exposed at low levels, but it does not exclude the possibility of an effect in women exposed to higher levels of environmental tobacco smoke. Am J Epidemiol 1999; 150:695-705. birth weight; fetal growth retardation; infant, small for gestational age; tobacco smoke pollution
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The literature exploring the association between environmental tobacco smoke exposure and the birth of small-for-gestational-age (SGA) infants includes at least 10 studies (1-10), which have estimated relative risks or odds ratios ranging from 0.47 to 2.17. The majority of these studies were secondary or subgroup analyses, raising the possibility of publication bias favoring positive findings and studies with type I errors. Six of the 10 studies (1-6) reported relative risks or odds ratios greater than 1, and one (3) showed some evidence of a dose-response relationship. These findings are consistent with the established effects of active maternal smoking on fetal growth restriction (11) , although the estimates are of lower magnitude. A meta-analysis of eight studies (12) reported a summary odds ratio estimate of 1.2 (95 percent confidence interval (CI): 1.1, 1.3) for SGA infants. Animal studies have also shown a deficit in weight for gestational age after exposure to cigarette smoke during pregnancy (13, 14) .
The present prospective cohort study, conducted in a relatively socioeconomically homogeneous cohort, measured exposure retrospectively at multiple locations (at home, at work, and in social/recreational situations) and by multiple methods in an attempt to develop a more comprehensive measurement than was used in earlier studies. Previous studies' methods have ranged from simple measures of exposure, like a yes/no interview question (1, 6, 10) or questions about exposure exclusively at home (1, 5) , to measures of increasing complexity, such as questions assessing duration, intensity, and various locations of exposure (3, (7) (8) (9) 15) . Exposure to environmental tobacco smoke was one of this study's two primary hypotheses (the other was electromagnetic fields) relating exposure to fetal growth retardation and birth weight.
MATERIALS AND METHODS
The population for this analysis comprised the nonsmokers (n = 2,283) from a prospective nested cohort study of environmental exposures and pregnancy outcome (the Yale Health in Pregnancy Study), several reports from which have already been published (16) (17) (18) (19) . Nonsmokers were defined as women reporting no smoking at any time during the index preg- nancy. Women were recruited from 11 private medical practices and two health maintenance organizations in the greater New Haven, Connecticut, area if they planned to deliver at Yale-New Haven Hospital, spoke English, had an initial interview before 16 weeks' gestation, had an intrauterine pregnancy, and did not have insulin-dependent diabetes mellitus. Of the 4,493 women initially approached, 902 were ineligible, 50 could not be contacted, and 574 refused to participate. Between April 5, 1988 , and December 31, 1991, 2,967 women were interviewed. These women delivered 2,714 live singletons.
We interviewed all participants face-to-face prior to 16 weeks' gestation to obtain demographic information, medical and obstetric history, and information on environmental exposures. A further face-to-face interview was undertaken postpartum to obtain information on pregnancy complications and on exposures during the final 3 months of pregnancy. Ninety-three percent of these interviews took place within the first week postpartum, 98 percent took place within 1 month, and the remainder were completed by 4 months postpartum. All interviews were conducted at home using specially trained interviewers. Pregnancy complications and outcome data were abstracted from the hospital chart. Newborns were examined within 6-24 hours of delivery by trained nurses who performed the Ballard examination (20) , which estimates gestational age to within 2 weeks with 95 percent confidence. The Ballard examination has the advantage that it can be performed, for consistency, on all babies by a trained group of examiners, while ultrasonography is not routinely performed and the date of the last menstrual period is not available for all women. For the 7 percent of cases in which a Ballard examination was not done, gestational age was calculated using obstetric ultrasound or the date of the last menstrual period.
Exposure measurement
There is considerable evidence from the literature on active smoking that tobacco smoke confers its detrimental effect on fetal growth after the first trimester of pregnancy. It has been shown that women who take up smoking in the second or third trimester have an increased risk of growth restriction, and that women who give up smoking by the third trimester are not at risk (21) . Exposure to third trimester environmental tobacco smoke was assessed from the postpartum questionnaire.
Subjects were asked if they were "regularly exposed to someone else's cigarette, pipe, or cigar smoke" at work, at home, during social and recreational activities, and while commuting to and from work "for at least 1 hour per week during the last 3 months of pregnancy." Participants who reported exposure were then asked in detail about duration (in hours and minutes per day), intensity, number of smokers, and number of cigarettes to which they had been exposed in an average week during the previous 3 months (for commuting and workplace exposures) or during the week prior to delivery (for home and social or recreational exposures). Continuous variables were created to represent the number of hours exposed at each location and over all locations, the number of smokers smoking cigarettes (pipes, cigars) at home and work locations (workplace data were restricted to people who smoked within 25 feet (7.6 m) of the subject), and number of cigarettes (pipefuls, cigars) each person had smoked while the subject was present at home and at work. AH measures were calculated in terms of exposure per week and are presented as means and percentiles because of the nonparametric distribution of the exposures.
The term "smoker-days per week" is used to describe a measure of the number of smokers to whom a subject was exposed in a week. For example, 1 smoker-day per week would represent exposure to one smoker on 1 day per week, while 10 smoker-days per week might represent exposure to 10 smokers on 1 day or to two smokers per day for 5 days.
Duration of exposure was calculated from a summary question: "On the average, how much have you been regularly exposed to someone else's cigarette, pipe, or cigar smoke during the last 3 months [of pregnancy]?" Choices ranged from "not more than 1 hour per week" to "16 hours per day or more." These data were used to define a quasicontinuous variable, with unexposed women taking a value of 0 and exposed women taking the middle value of the range given in the option chosen (4 hours/week for 2-6 hours/week, 2 hours/day for 1-3 hours/day, 5 hours/day for 4-6 hours/day, 8 hours/day for 7-9 hours/day, 11 hours/day for 10-12 hours/day, 14 hours/day for 13-15 hours/day, and 16 hours/day for >16 hours/day).
At each location, subjects were asked, "How smoky was it?," and were given the following response options: "slightly smoky" (infrequently aware of smoke), "somewhat smoky" (frequently aware of smoke), "smoky" (constantly aware of smoke), and "very smoky" (air visibly smoky, may be physically irritating). The intensity variable represented the highest level of intensity reported at any location; it was ordinal in bivariate analyses and quasicontinuous, with numeric values of 0 (unexposed) to 4 for least to greatest intensity, in multivariate models.
Air nicotine concentration was estimated using a model obtained by Tobit regression from a random subgroup of the cohort who underwent intensive biochemical monitoring and interviews throughout preg-nancy (22) . This measure attempted to combine some of the collected exposure data. Air nicotine was estimated rather than urinary cotinine, since the air nicotine concentrations obtained in the subgroup were more closely correlated with questionnaire data than cotinine concentrations were. The model was developed from questionnaire data collected at 20, 28, and 36 weeks' gestation to predict air nicotine concentration as measured by passive air nicotine monitors (23) , and included terms for total duration of exposure in 1 week, an additional duration variable when exposure duration was greater than 6 hours per week, and average number of cigarettes exposed to per day at work (22) .
Outcome measurement
Birth weight was obtained from delivery records. ATI weights were taken within 24 hours of delivery, using standardized methods and calibration procedures. Standardized protocols were in place for umbilical cord clamping at delivery. Birth weight and length of gestation, as recorded from the Ballard neonatal examination, were compared with Babson nomograms (24) to define being small for gestational age dichotomously as being within the lower 10th percentile of birth weight for gestation at birth. The Babson nomograms (for gestational ages 27-44 weeks) do not permit adjustment for ethnicity or gender.
Statistical methods
Crude risk estimates for environmental tobacco smoke exposure, measured dichotomously, were calculated by two measures of duration, by intensity, and by calculated air nicotine concentration. Adjusted estimates were also calculated using the logistic procedure of PC-SAS (version 6.12; SAS Institute, Cary, North Carolina). Final models were obtained by backward elimination, retaining potentially confounding variables that altered the significance of the model fit or the parameter estimate for exposure by more than 10 percent, except for past smoking history, which was retained in all models. The data were explored for any interaction of age (stratified as <30 years and >30 years) in the crude association between each of the exposure variables and SGA birth. Unadjusted estimates of effect of exposure on SGA birth were calculated for each location of exposure within the whole group and within exposed women only, allowing comparison of distributions of exposure. Crude and adjusted estimates of change in birth weight by exposure were also calculated, using the regression procedure (PROC REG) of PC-SAS. The dichotomous variable for exposure was used. Backward elimination was performed from a full regression model, retaining in the final model significant predictors of birth weight and confounders affecting the parameter estimate by more than 10 percent, except past smoking history, which was always retained.
RESULTS
The study sample comprised 2,283 nonsmokers, of whom 606 (26.5 percent) reported exposure to environmental tobacco smoke for at least 1 hour per week during the last 3 months of pregnancy. Most of the 2,283 nonsmokers in this study were over the age of 30 years, White, married, educated beyond high school, within the normal range of body mass index, multigravid, and employed during pregnancy (tables 1 and 2). Thirty-eight percent reported a past history of smoking. Less than 1 percent reported use of marijuana during the last 3 months of pregnancy, while 2.4 percent reported passive marijuana exposure, and no women reported using cocaine during pregnancy. Just over half of the subjects reported caffeine intake in the seventh month of pregnancy, with only 1 percent reporting intake of ^300 mg per day (approximately equivalent to three cups of coffee). One quarter of the subjects reported alcohol use in the seventh month of pregnancy, with most of them drinking less than 0.1 ounce of absolute alcohol per day (one drink = 0.5 ounce of absolute alcohol).
Nine percent of the women experienced hypertension during pregnancy, with 2 percent experiencing preeclampsia. The average length of gestation at delivery was 40.0 weeks, with 2.5 percent of babies being born preterm (<37 weeks). Mean birth weight was 3,490.8 g, with 3 percent of infants weighing less than 2,500 g. The overall incidence of SGA birth was 5.9 percent. Fifteen percent of babies were noted to have major or minor anomalies at birth (table 2), 8 percent being minor skin anomalies.
Women exposed to environmental tobacco smoke were significantly more likely to be younger, less educated, unmarried, former smokers, drinkers of more than 150 mg of caffeine per day, and employed during pregnancy, and were less likely to have reported exercise or sports participation during the last 3 months of pregnancy. There was no difference in exposure by ethnicity. Exposure was unrelated to gravidity or to history of having a low birth weight baby in the immediately prior pregnancy (table 1) .
Of the 606 women (26.5 percent) reporting environmental tobacco smoke exposure for more than 1 hour per week during the last 3 months of pregnancy, 43 percent had been exposed at work, 42 percent in social or recreational situations, 34 percent at home, 1 percent while commuting, and less than 1 percent at other those found in this subset of nonsmoking women. Risk of SGA birth was increased among Nonwhites, persons with religions other than Catholicism, unmarried women, women employed during pregnancy, women with a low (<19) body mass index (weight (kg)/height (m) 2 ), women who gained less than 11.5 kg (~25 pounds) during pregnancy, and women who had not exercised during the last 3 months of pregnancy. Third trimester caffeine intake had no clear effect, while alcohol intake in the third trimester reduced the risk of SGA birth (18) . Nulligravid women and women with a history of low birth weight in the immediately prior pregnancy had elevated risks. Increased risk was also found in association with bleeding, hypertension, preeclampsia, placental problems, and birth anomalies in the index pregnancy. Female infants were more likely to be classified as small for gestational age.
Estimates of the risk of SGA birth for each of the five measures of total environmental tobacco smoke exposure ranged from 0.76 to 1.00 (table 4) . Risk estimates were also calculated separately for home, work, and recreational locations for each exposure measure, but no significant association or dose-response effect was found (data not shown). Exposure was also compared among exposed women with and without SGA babies (table 5) . Women with SGA babies had been exposed to significantly more smokers at home (p = 0.03). None of the associations between exposure and SGA birth were affected by age, stratified as <30 years versus ^30 years.
The adjusted risk estimates (table 4) were very similar to the crude estimates. There was a crude birth weight deficit of 9.6 g for the babies of mothers exposed to passive smoking, and this deficit was reduced to 1.2 g (95 percent CI: -43.3, 41.0) after adjustment for all factors adjusted for in the logistic regression models plus length of gestation at delivery, marital status, employment during pregnancy, alcohol intake at 7 months, and placental disorders.
DISCUSSION
This study found no effect of environmental tobacco smoke exposure during the final 3 months of pregnancy, as assessed retrospectively, on birth weight or on the risk of delivering an SGA baby. The adjusted odds ratio for SGA birth among nonsmoking women exposed to environmental tobacco smoke for at least 1 hour per week as compared with unexposed nonsmokers in this study was 0.82 (95 percent CI: 0.51, 1.33 .01
• Adjusted for ethnicity, religion, education, age, body mass index, antepartum weight gain, past smoking, passive marijuana exposure, gravidity, prior low birth weight baby, hypertension, preedampsia or eclampsia in Index pregnancy, and infant sex (n = 1,995).
t Sum of exposure durations at home, at work, while commuting, during social/recreational activity, and at other sites of exposure.
X Adjusted for ethnicity, religion, education, age, body mass index, antepartum weight gain, past smoking, gravidity, prior low birth weight baby, hypertension, preedampsia or eclampsia in index pregnancy, and Infant sex (n = 1,995).
§ Calculated from the summary question on average weekly exposure over the last 3 months of pregnancy (unexposed = 0, 2-6 hours/week = 4 hours/week, 1-3 hours/day = 2 hours/day, 4-6 hours/day = 5 hours/day, 7-9 hours/day = 8 hours/day, 10-12 hours/day = 11 hours/day, 13-15 hours/day =14 hours/day, and 16 hours/day or more = 16 hours/day).
I Adjusted for ethnicity, religion, education, age, body mass index, antepartum weight gain, past smoking, gravidity, prior low birth weight baby, hypertension, preedampsia or edampsia in index pregnancy, anomalies at birth, and Infant sex (n = 1,986).
# Most severe smokiness score recorded at any site (0 = no exposure; 1 = slightly smoky; 2 = somewhat smoky; 3 = smoky; 4 = very smoky). ** Calculated from questionnaire data using the Tobit regression model. The equation included terms for duration of exposure and number of cigarettes exposed to at work. of duration, smokiness, and air nicotine concentration ranged from 0.91 to 1.00. When exposure was categorized into increments representing increasing dose, no trend was seen for any measure at any location.
The single positive finding-that women whose babies were small for gestational age were exposed to significantly more smokers at home-may reflect greater exposure to smoke from smokers in the home, because of a more confined space and less efficient ventilation. It may be that women exposed at home are more likely to conceal their own smoking and so bias the passive smoke exposure measure, but there was no evidence to support this. The finding may also be due to chance because of the many comparisons examined.
Recruiting solely from private medical practices and health maintenance organizations was done to increase population homogeneity and avoid potential overestimation of effect by residual confounding from socioeconomic factors. While this aim may have been achieved, the result was a group of women with very low levels of environmental tobacco smoke exposure. It is plausible, and consistent with previous literature, that if an association does exist between environmental tobacco smoke exposure and SGA birth, it might not be apparent at the levels of exposure encountered in this study. A graphic representation of median duration of exposure in this study, and how that compares to four earlier studies, is given in figure 1. In the current study, duration was divided into tertiles (<3 hours/week, 3-<9.5 hours/week, and >9.5 hours/week) which were associated with estimated odds ratios for SGA birth of 0.81, 0.67, and 0.68 and birth weight differences of -27.8 g, -3.6 g, and 6.3 g, respectively. Odds ratios and birth weight differences are plotted at the median duration within each tertile (2, 5, and 22 hours/week, respectively). Data on intensity of exposure from seven studies, as measured by number of cigarettes smoked by others in the presence of the nonsmoking mother, are represented in figure 2. The number of cigarettes to which a woman was exposed per week was divided into 1-25 and >25 in the current study (medians of 14 and 50 cigarettes/week or 2 and 7 cigarettes/day), with odds ratio estimates for SGA birth of 0.62 and 0.88 and birth weight differences of-10.5 g and 0.7 g, respectively. Given the relatively low median exposures in the current study, the estimates of effect seen in other studies at these levels of exposure are not inconsistent Moreover, the 95 percent confidence interval from our study includes the point estimate of 1.2 from a previous meta-analysis (12) .
Correlation between interview data and biochemical and environmental data for the randomly monitored nested cohort in this study was, at best, only fair (22, 25) . If air nicotine was taken as the gold standard, 36 percent of women were misclassified by interview. Although a composite measure of air nicotine concentration was computed from interview data, using a model developed from the subsample (22) , this measure may not accurately represent exposure. (3) 13 (13) 13 (8) 14 (13) 35 ( While the interview used detailed questions to quantify exposure, there are potential sources of error, such as may have arisen from questioning women about exposure in the week immediately prior to delivery at some sites, and from the possible variability of exposure from day to day and week to week. Using retrospective exposure data potentially introduces recall bias. However, unless we suggest that women are less likely to report passive smoke exposure if they have an SGA baby, which seems counterintuitive, recall bias seems unlikely in the current study, since no overall effect of exposure was found.
One explanation for any effect of environmental tobacco smoke exposure on birth outcome is residual confounding due to social factors that are immeasurable or difficult to measure (1) . This study restricted the study population to a homogeneous social group. Previous studies have attempted to control for potential residual confounding by socioeconomic factors by studying apparently homogeneous populations of women in China and India, where, in addition, levels of passive smoke exposure are high and maternal smoking rates are low (4, 26, 27) . The low levels of maternal smoking reduce the possibility that any effect observed for passive smoke exposure is due to misclassification of smokers as nonsmokers. These studies have reported estimates of relative risk of SGA birth (relative risk =1.11 (4) ) and birth weight deficits (15 g (27) and 63 g (26) ) that are within the general range of all studies, which suggests that residual confounding may not explain all of the observed effect. There is some evidence that women of lower socioeconomic status are more vulnerable to the fetal growth-restricting effects of tobacco smoke (28) . It may be that less advantaged women have lower placental reserves or have higher exposures than those estimated because of environmental effects related to poorer housing, smaller living spaces, and less ventilation. If there is a differential effect depending on social class, the social structure of the current cohort may further explain the lack of effect seen in this population.
There was no effect of maternal age on the association between environmental tobacco smoke exposure and SGA birth in this study, in contrast to findings in a recent study (1) and in the literature on active smoking (29) (30) (31) (32) . The suggested mechanism is that in older women, uteroplacental blood flow is reduced and is further compromised by the toxic effect of tobacco smoke constituents. The recent study by Ahluwalia et al. (1) , however, included no quantification of exposure, which may have explained the differential effect in older women.
Further elucidation of the role of passive smoke exposure in fetal growth restriction requires prospective studies, with optimal measurement of exposure allowing exploration of dose-response effects, in populations where the levels of exposure remain high. Restricting the population to a homogeneous higher social class group is one method of minimizing residual confounding by socioeconomic status, although if effects are greater in lower social class women, exposures will need to be high for an effect in higher social class women to be observed, and this is increasingly rare in the United States.
It seems likely that any effect of environmental tobacco smoke exposure on fetal growth is of small magnitude. This is in keeping with estimates of growth restriction for exposure to active smoking, given that the composition of the exposure is similar and that the magnitude of the exposure is considerably less. Smoking is still quite prevalent in the United States (33) , and it is even more prevalent in other countries (e.g., China and Japan), where the prevalence of smoking by men is 60 percent or more (4, 5, 9) . Thus, the opportunities for pregnant women to be exposed to passive smoke are great. Even if the relative risk for the effect of passive smoking on fetal growth is small, the high prevalence of both smoking and pregnancy translates to a large number of low birth weight and SGA babies associated with these exposures.
